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Relationship of Inhibitory Effects of Dichroa febrifuga
and IKKy on the Activation of NF-xB
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Activation of NF-kB is known to be a trigger of various cellular disorders including inflammatory and autoimmune
diseases such as rheumatoid arthritis. Numerous approaches are ongoing within laboratories to identify potential
therapeutic agents which inhibit the NF-kB activation. In this study, we have tested the inhibitory effects of five
traditional medicines on the activation of NF-xkB by NIK. Among three medicines which exhibited inhibitory effect on
the expression of NF-xB repoter plasmid, we investigated further the inhibitory mechanism of Dichroa febrifuga in
connection with IKKy activity. Wild type IKKy inhibited the NF-xB activation by NIK but the C-terminal deletion mutant
of IKKy did not show the inhibitory effect, indicating that the C-terminal leucine zipper domain of IKKy is important for
the inhibition of NF-xB activation. The water extract of Dichroa febrifuga(DFE) also strongly inhibited the NF-xB
activation by NIK. The inhibitory activity of DFE appeared to be independent of the expression of IKKy, suggesting that
the pathways of inhibition by Dichroa febrifuga and IKKy are different. Our results suggest that Dichroa febrifuga can
be used as a medicine for inhibition of the NF-xB activation in a wide range of cells without relation to the expression

of IKKy.
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A Soll 9ol A=< LA EH AEWQ] IKK complexZt 245}
E1 IKK complexol 913f kBt ¢14tg) £ & ulajEol wict
NF-kB7} MES] 8 08 o|ZakA 2rp. o ug o|Est
NF-kB= @& 2T A7 s 2t A9 54 9 Aldol
TEE cjdst FAAY] [ANE FXske ASE gEA e
AAE B2 SESAe SUA YT NFxBO 848 JAgoZ
% GEE VEME A2 gEH ATP?. §18 KKye 1KKa,
IKKBS} & NF-xBQ] &35} AZolA EFH& o

IKK complex®] TFHLEOIN?. KKyl F4840
phosphoprotein0]™ 27§9] coiled-coil domain®} C-etol 1749)
Leucine zipper domaing 71X 1 1 21 N-Ttlofl&= KK
AFRAE /AL AP KKy7t 2R AZolAE KK
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lipopolysaccharide 5ol 9]¢ NF-kB&H 317} LojuA] @t A
OF 94X Qo] IKKye A7} Thekst A1l BH26le] NF-k
B7} 843} = oA 593 498 W RHEAES Gl=
HOE WZE I Urp. w3l IKKys Al Q50 SAXEH
I} HIZY] EFol ulzis] NF-«BEN G oAt 4=
T 3lo] NF-xB9] g odAoll QloiA} KKy SghfHo] #le
2oa Qb g A ZolE AdAH A BElE =
otRZEo0] HEo) g FulEls BEY 5

Che Huet A o]Eo] NF«kBY S HRZES
wEAE|o] SO ZHE] NF-kBY] &5 S Bl
I Ao 2 dFoljAlE NF«BY ZRAS 71
plasmidZ 0|83l T4l £FO| slox] &% 20| NF-kBY
4ol tjRE Fake HESK NF«kBY EHUAZES T
= SO Adsifem, I Sl vlwA 4§ NFkBo &
AAR XP% 71—7{]—‘;—; XML, Dichroa febrifuga)® 227171}
IKKy2le 2 dToInh A HELNS SRR EEHEO]
Rhod dIETFA SHIAIR HEIoF 0]g EI%ED% 2 { ol Al &
EREI A MAll AIZSPIE SHL BE SEAM 458 bt
2715 $h alemolt ™. §h TKKyE NF-kBEH z&xg s sle)
£Q¢H 0IAE Atgsh IKKy AR 7t 27300 ulgti= NF-kBY]
SHAAZST FHEE AR AR KKy @
HS AESOTR AHEIL)Y NFBELOA G312 45 Al
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Zt Blok) 10052 248t & S5 S00mE H7lslod 24)
SO Z1LBIYTE. 71EEH AEE 3M X olA] ot &
3,000rpm 2 F 2027 AU ERIGIH EHES +AGIH2H 3M
IR 9} pore size 0.45;m2] membrane filterE 3t & FZ
X st Ss27E B BUS 9% &5 Sdolldld 4

Eoll AHZSI%

2. M|3EujeF 2 transfection

African green monkey kidney cell of] SV409] T&€lo] A
WEHE I Y= cos-7THEE o] 0| 881.0m M EQ] Y
FBS7} 10% &#/%¥ DMEME uiAE A1Eskd 37C, 5% CO9)
incubatoro| 4] HRQESIETE DNAZ $01517]19)3 transfection
fugene 6 (Roche Molecular Biochemicals)& ALEBI on
fugene 68} BHE EROIAI 222 DMEMY] Zgtoio) Fogt
DNAE Hrlold A20lA] 208237t ¢A|g & subconfluent (9F
70~80% confluent YAENS] A Eoll AN

3. CAT assay
AEMESY MAE AAHSHL dZst PBSE 23] AT &

rubber policeman® & scrapedtd MEZE £ABIATE AT Al

“ol@% - ok

[piet

- yse

FEE 0.25M Tris-HCl(pH7.8) 20000 SEISH THS dry iceE O]
£35ld 6319 freezing-thawing S F M ZE zkSIHTCE M Z 3}
AN 4T, 1,500rpmollA] 2027 YAREIEK LENE A
5kl CAT assay—— st MEZEEZ 0|38t CATY v
e € Bradford WHOE ThAZES FEkslo] SYdH
THRZI LS :5;}%6‘}% 7t HEZEES0] [“Cl-chloramphenicol
(54mCi/mmol) 644, 4mM acetyl CoA 608, 2 Tris-HCl(pH7.8)& &
7kl & 2389 HESN O F 37TollA] 3417} HESAIZIE) HHEY
HNEL2 1 ethylacetatei/‘ﬁ ZZ8l th2 speed vacuum dryer
A s&EAZ] = TLC plateo] FEFIL chloroform : methanol
(95:5)9] 2mE 0|83 H/AAZCE F7HEE TLC plates
autoradiography & &l ZE FEGKHICH GS-700 Imaging
Densltorr\etelr(B1o-Red)E 0]&35ld density 2412 BIBTE

4. Western blotting

A ZHHEEIS 10%9) polyacrylamide gelolA] A€ E¢H &
Hybond ECL membrane (Amersham)of] electrotransfer(63V, 10
AZHEIL  membrane2 5% EAESE  blockingdldl
membrane® IKKyol| thdl mouse®] monoclonal antibodyQ} sk
7 A20lA] 1817 &t HFEA171 1L TBS-TEHOE 31 MH
& peroxidase-conjugated anti-mouse IgG A2} &7 D}/\] A
20o4] 1417} BI2A1Z30). BHEA]17] membraneS TBS-TEWH SO
& 33] MA$l & enhanced chemiluminescence (ECL)E 2HEA]
A BA5IACE

EEE A I
1. NF-xB9] &4 3ol njl= Z& Sty gt

NF-xBe 243 Hg ) 3 WE o]Sdlo] NF-«xBS 28
2HE 7K DNAo| 501X o Agrsi deRFHy /d
A WSl g HA5HE AOE YEA JCE. 2 dFolAE olgig
NF-xB9] &4d3lE Basl7] {6l herpes simplex virus9)

thymidine kinase promoteroll NF-xBZA g9} 471 € A7
71 Foll reporter geneQEA] bacteria®l cat FEAIE HZEA7]
pNF-kB-CAT plasmidZ reporter plasmid= ©]&3dIATHFig.
1A). %3t NFxBY 2438389 &7o] 2r&dhk= NIK(NF-xB
inducing kinase)9] 2F& plasmid(pemv-NIK)E pNF-xB-CAT
plasmid$} &7 Ml ZWoll co-transfectiondlod NF-xBQ] &4 512t
EHE THEAUC) SHekx) 7t NF-«xB &45lo] niile gk dEal
71916 B BRG] SN E HE skl BT HTable 1). cos
AZo]  pNF-kB-CAT  plasmid®} NIK2S  plasmidZ
co-transfectiong}d 24A]17F EQF CO; incubatorol|A] ligkgl &
Table 19] Z} SHOFHE 800 pg/m=IAl FOISIATE Sk 7L &
ofEl AEE 20413 F¢F T wiS ¥l HEE A CAT
assayE HAISIRICE 1 A3 $l4, 44E A3 2 NFxBY| &4
= A5 AAlehs 222 Vet o 4X&1 242 NFx
B 435 HAIGIA &= ALE VIERGTHFig. 1B). o]ARZ
HE] AHSS SIOMEoIA NEkBY BHEE 71 eI o
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4419] NF-xB BYAIZEH IKKyS] Aakd A7

Aohs ASE UENd AH4KELL, Dichroa febrifuga)g thi =
NF-xBS] &4zt KKyl dadE A3t

Table 1. List of traditional medicines used in the test of inhibitory
effect on NF-xB activation.

No. Korean herbal name Scientific name

1 [ Scrophularia buergeriana
2 akdt Dichroa febrifuga

3 z8 Platycodon grandifiorum
4 e Rehmannia glutinosa
5 e Achyranthes japonica
A, NF-xB(x4)-TK promoter

pNF-xB-CAT
4.9 kb

vl

gl

SARLE

+ + < pNF-kB-CAT
+ o+ + + +

Cc 1 2 3 4 5 <« No. of added medicine

Fig. 1. (A) Structure of pNF-kB-CAT plasmid. pNF-xB-CAT contains four
tandem copies of the NF-xkB consensus sequence fused to a TATA-like
promoter  (PTAL) region from the Herpes simplex virus thymidine
kinase(TK)promoter. (B) Inhibitory effect of medicinal materials on the NF-xB
activation by NIK. Cos celis were transfected with pNF-xB-CAT reporter plasmid
and NIK expression plasmid and after 24hr, each medicinal material (800ug/ ml)
was added to the transfected cells. After incubation for 20hr, the cells were
harvested and assayed for CAT activity. The No. of added medicine is identical
to the No. in table 1. C, not-added control.

+ <« NIK

2. IKKyQ] over expressionO] NF-kBS] &4 3o n]z|= @&k

IKK complex®] 4481 IKKy kinase €42 71X
2oL} IKK complexyt IL2X ESHAIE Edsh=n] &5l
NF-xBE 4317 Thst AF=E IKK complexol]l AEdhk=
agg she ACE YEd Ut IBEE AZERE KKy
Z W8] AMASHE NF-xBY E4357t dojulA] giom M Zo

x

9] IKKyx IKK complexol] Azl 191} IKKYyE over
expressionA}Zi & A 20]= IKK complexoll ZeEIA} 22 IKKy

7b AZulol ExHA ®rk AS7HA] IKKyE A ZERE] A

3 & s A ZUe Hale) tslide B @72t B
I ER 2L IKKyE over expressionA|Z3E wl LIERE H ol
el Hie A9 gl deloloh JHER 2 doliE KKy
9] over expressiono} NF-kBQ] &4zlo] mAl= Jge HES}
7] 5k wild type@] IKKyS} c-2et9] 1000k dbes &S
& leucine zipper motif £50] Z&E IKKyS deletion mutant
(AQ)E 2HEsk= plasmidE  AZSIQCHFg. 24). o] wd
plasmidE& cos A Foll transfectiondle] IKKyQl expressioh;%
Bast Z3 IKKye N-Zohe elklele gAE o8
Western blottingoll A= ofl 418t Z1719] IKKy Tl zlo] HE% 3
1(Fig. 2B, upper), C-UTHE Q14I5k= EAlol41= AC mutanto]
Al band7} LJERIA] QEQFOH E(Fig. 2B. lower) IKKyQ] wild
types} AC mutant’} O TSHAE LB 2IE & UACH?.

22 KKy over expression0] NF-xBY &483lo] nlx]

= A5ke AESL] Y8 cosHZEo pNF-kB-CAT plasmid, NIK
w3 plasmid & IKKyQ wild type &= AC mutant®] 2

plasmidZ: TheFst 28O 2 co-transfectionslo] CAT assayE 4
A1BIITY. Fig. 3014 LERS Hiel 22o] NIKZFS plasmid®] H7}
ol 958 NF-xBS] g4o] F 2wl £7151] NF-«B2] &3}
TEASS & 45 JAJAT 0]&H 8 NIKo 28 NF-xBS} & dh=
wild type IKKyQ| over expressionol] €3} $X5] AA== A
OF UEhdTt wild type IKKySl w3 &9 NF-xBY &40]
NIKell 93 &43i=7] MEch WA UERGCEE wild type
IKKy= &3l A] 92 basal level®] NF-kBEH T Ax|EH=
HS U 2= YKUCHFig. 3A, B). IBIL} 0]2idh IKKye) NF-«B&
Ao ks Cutio] Z4% AC IKKyolA = VERAA] g3k
CHFig. 3A, B). 0] 25E] IKKye| NF-xBEH A a18ollE= C-Y

T leucine zipper domaino] ER35ILhE AE & o ATt

A. 1
Coiled-coil LZ 412
Wild-typ Hi5y Sy -~ i
312
AC I } |
B.
V WT AC
.' WWT IKK

Fig. 2. Schematic illustration of domains included in the expression
plasmids for the wild-type(WT) and AC IKKy proteins. (A) The
N-terminal  IKKB binding domain, coiled-coil domain and leucine zipper
domain(LZ) are shown. (B) Cytoplasmic extracts of cos cells transfected with
pemvs empty vector(V) or each KKy expression plasmid were electrophoresed
and analyzed by Western blotting using monoclonal antibodies against the
N-terminal(upper) or C-terminal(lower) region of IKKy.
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Fig. 3. Effect of IKKy on the activation of NF-kB by NIK. The plasmid
PNF-kB-CAT was co-transfected into cos cells with the NIK expression plasmid and
the expression plasmid for wild type(WT) or C-terminal deletion mutant(AC) of IKK
¥ as indicated, After 48hr of transfection, the cells were harvested and assayed for
CAT activity{d), and results were analyzed on the Imaging Densitometer
GS-700(Bio-Rad)(B).

3. A2 HAl) vIRlE ANELe FEr

Fig. 1BollA]l 2RHEILNS 800ug/mS EEE RS w)
NIKoll &jgt NF-kBS] #4357t sIAsHH drEgEg & 4= AR
C}. o[Eigt ARIEIEO] ARAHEIL)Y MEELA AT MESA]
SAHZE sl UERGE 71eH0] YLEE AH{KHELLO] cos Ml
o] Exlofl viA= HEE HESINLE ARHEWLY EFEES
400ug/mé, 800ug/ me, 1,200pg/ me] SE 2 cos AN
24A17} 2 48A17HE 0 BBt H M Z9] =5 4AHH I Fig.
ol LiEht atel Zo] AHKEUNE 1,2000g/ 2 FO5IHE W
e AzsA0] dAEs 237t VoLt 400ps/meh 800ug/ md
9 ZojolMe ¢MHEILNS FHBIA g2 control3} H] D5l
AZZ2A g7t A9 UeRIA @ZUrt. 01Z2FE] Fig 1B
ARKEIL) BEEE 800ug/meolA LIERY NE-xBEH A § 1}
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4. NFxBO] SHOIH| 2H8ol| QoIA] Ak} IKKyol oy

ARKELL)S 800ug/mE M2)5193 S Wl NIKoll g NF-«B
g 317} SlAEHAl AAIER O (Fig. 1B), wild type?] IKKy
Z over expression A)71 € WE NF-xBQ] #4357t AAEE A

o

!

o)A@ . ol - s

el

O F VERdthFig. 3). ol2igt A KEL)H IKKy Sl NF-«xB gd
AH Z89) HoEBEE HES] 8 cosilEoll pNF-k
B-CAT plasmid®} NIK 2431 plasmid % IKKy @& plasmidE
co-transfection 5} 24417} Zof] 2RAHEL)S 800us/mle) BT
Z 2Eoidld 20417 o st H CAT assayE AAISIRCE L
A3} Fig. 5A,Coll LIERG B9} Zo] NF-xBE NIKQ) 2ol 9
3l 43 ERom ol2ish 84 ke wild type9] IKKyol &Jah
45l 71H0 £EOE AAFHAL KKy AC mutantol A&
YA EE0] LERIA] O EE Fig. 39 Ae} UK
C}. 3k IKKyQ] wild typedt AC mutant7} & 07 d5iE]
0] Western blottingoll 98] EQIIQCHFig. 5B). JI&H]
IKKyQ| AC mutantol A= 2512 NF«Bo] 848 75 &
7} UERGEE 0]% AC mutant7} wild type IKKyoll thiakod
dominant negative® ZHE¢H @_ﬂ%ﬁ;ﬂ o% FHECHFig. 3,
Fig. 5). ¢HH AMKE)ol 96k NF-xBO] dAMgi= wild
type % AC IKKyQ] 23l 44#glo] Hratgo] Liekkirt(Fig.
54, C). 53] NFxB2 gdelagirt gle AC IKKyS over
expression AEHAIAME AAHELNS M EHE UEIHICER
AAHEILS NF-kB E59A g7} IKKyS gaks WAl g2
™, KKy} TH2 A= E &dl0] NF«B2| &d& AHg 7ksd
€ VEln) IKKyE IKK complexol| 4] NF-xBQ] #4&g £&
ol dge SHL e NF-kBY &4317} IKKyE 2 7ol
dojLbs B27F B2 ACE gux Ao Fig. 59 Atz
uj2o] 2 off A4HEL)S S8R s KKy dEglo] ¢
ol Jlsdol =T & £ UTh

S Fig. 5ollA] 24 HE LS NIKoll 9j8iA] &4 8leiA] o
basal level®] NF-kB] 4T AA5H= A2 E UEKITE 0]
NF-xBS] 435} QA ool A& LA] g2 Mzl &
(B)e NFxBQ EHUHARE IEE & UASE ricH
AHHELL)S NFxBS) @435} 21010 ABgio] B NF-«B
SARAZ AL 7SS AL oL A4NEL)S
IKKy9} 4}3glo] NFxBE AR|SIEE IKKyS] &do] ulg s
OF AL} IKKyell Ho 7t 44 IKKy9] Fa71s0] aald Al
ZolL 2HRHELL)S NFxBY XA E o888 ¢ AUSSE & =
AT

ek ox 2 rlrorlo

~

x 10 cells

0000~ —=2—~==MN
ONEDOIVONEONO

24 A8 hours

Fig. 4 Effect DFE on the growth of cos cells. Water extract of Dichroa
febrifuga{DFE) was added to the cos cells at various concentrations and the cell
growth was estimated by cell counting with hemocytometer. @: not-added control,
O 400ue/mt, @ 800w/ ml, I 1200me/ m
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0.2r
0
+ +<pNF-kB-CAT
+ 4+ + 4+ + + NIK
WI WT AC ACG KKy
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+  DFE(800g/né)

Fig. 5 Inhibitory effects of IKKy and DFE on the activation of NF-xB
by NIK. Cos cells were co-transfected with the plasmid pNF-kB-CAT, NIK
expression plasmid and wild type or mutani(AC) KKy expression plasmid as
indicated, and after 24hr, the cells were treated with DFE(800wue/ml) for 20hr and
assayed for CAT activity(A), The expression of IKKy was detected by Western
blotting with monoclonal antibody against N-terminal of [KK¥(B). The result of CAT
assay was analyzed on the Imaging Densitometer GS-700(Bio-Rad)(C).
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